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© Light detecting apparatus having a diffraction grating. 



® A light detector provides wavelength tracking, 
monitoring or similar function by forming a diffraction 
grating in a light waveguide (4). Diffracted light from 
the waveguide is received by a light detecting de- 
vice (11) having multiple detecting portions (PD1 ,...). 
Changes in the emission angle of the diffracted light 
caused by the wavelength or other fluctuation of the 
incident light are detected. The detected information 
can be used for wavelength tracking by injecting 
current into or applying a voltage to the waveguide 
to regulate the Bragg wavelength of the light 
waveguide, for monitoring and/or controlling the os- 
cillation wavelength of a semiconductor laser or for 
other purposes. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 



This invention relates to light detecting appara- 
tus to be used in optical communication and so 
forth. The light detecting apparatus detects or mon- 
itors wavelength fluctuations of a received light and 
the detected information is used for a wavelength 
tracking in a filtering or demultiplexing portion of 
the apparatus, or to control an oscillation 
wavelength and/or output power of a laser device 
coupled to the light detecting apparatus. The light 
detecting apparatus may preferably be used in a 
transmitter or receiver end office of an optical com- 
munication network or system. 

Related Background Art 

Conventionally, a wavelength band width per 
one signal wavelength is set considerably wide, 
such as 20 nm, in a wavelength division multiplex- 
ing communication system in which a plurality of 
signal wavelengths are distributed over a band 
arround 0.8 urn. is consideration of the perfor- 
mance of a filter disposed at the side of a signal 
receiver. Therefore, even if the wavelength of a 
received light fluctuates to some extent in such 
wavelength band, a signal can be received well at 
the receiver side and there is no obstacle to the 
-wavelength division multiplexing communication. _ 
As a result, a wavelength tracking operation is not 
needed for each signal wavelength at the receiver 
side. 

In such a prior art example, however, it is 
difficult to increase the multiplexing degree or mul- 
tiplicity of signal wavelengths since the band width 
per one signal wavelength is set wide, and hence 
the advantage of wavelength division multiplexing 
communication is not sufficiently utilized although 
the wavelength tracking operation is dispensable. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide, 
in view of the above problem, light detecting ap- 
paratus having wavelength fluctuation detection of 
received light, which can be used for various pur- 
poses, such as increasing the signal wavelength 
multiplicity by setting a narrow wavelength band 
width for each signal wavelength in a wavelength 
division multiplexing communication. 

Another object of the present invention is to 
provide, in view of the above problem, light detect- 
ing apparatus for a laser apparatus which is a light 
source at the receiver side, having an oscillation 
wavelength and/or output power monitoring func- 
tion, which can be used for purposes, such as 



increasing the signal wavelength multiplicity by set- 
ting a narrow wavelength band width per signal 
wavelength in the wavelength division multiplexing 
communication. 

5 Still another object of the present invention is 

to provide, in view of the above problem, an optical 
communication network including the above-men- 
tioned light detecting apparatus. 

Feed back arrangements and use of the de- 

10 tected signal of the light detecting apparatus of the 
present invention, however, are not limited to the 
wavelength tracking function. 

The invention is directed to a light detection 
arrangement in which a diffraction grating is formed 

15 in a light waveguide. A detector detects diffraction 
light from the waveguide and a signal is applied to 
the waveguide. 

According to a first aspect of the light detecting 
apparatus of the present invention, there are pro- 

20 vided a semiconductor light waveguide on which 
light is incident, a diffraction grating formed in the 
light waveguide, an electrode for injecting current 
into the waveguide and a light detecting device 
including a plurality of portions for detecting a 

25 diffraction light emitted outside of the waveguide. 

More concretely, the light detecting device is 
comprised of an array of plural light detecting 
elements or photodetectors. 

In the structure of an embodiment according to 

30 the first aspect, the change of of an emission angle 
of'the diffraction light due to - the wavelength fluc- 
tuation of the incident light on the waveguide is 
detected by the light detecting device, and, for 
example, the Bragg wavelength of the waveguide is 

35 changed based on the detected information by the 
control of the current injected into the waveguide 
so that the diffraction light is always incident on a 
determined portion of the light detecting device. In 
this case, a change in refractive index of the 

40 waveguide resulting from the carrier injection 
thereinto or to a plasma effect and so forth, is 
utilized. 

According to a second aspect of the light de- 
tecting apparatus of the present invention, there are 

45 provided a semiconductor light waveguide on 
which light is incident, a diffraction grating formed 
in the light waveguide, an electrode for applying 
voltage to the waveguide, a light detecting device 
including a plurality of portions for detecting a 

so diffraction light emitted outside of the waveguide 
and at least one quantum well layer formed in a 
range within a distance of light wavelength from an 
area where the diffraction grating is formed. 

More concretely, the thickness of the quantum 

55 well layer is equal to or less than a de Broglie 
wavelength, and the light detecting device com- 
prises of an array of plural light detecting elements 
or photodetectors. 

2 
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In the structure of an embodiment according to 
the second aspect, the change of an emission 
angle of the diffraction light due to thewavelength 
fluctuation of the incident light on the waveguide is 
detected by the light detecting device, and, for 
example, the Bragg wavelength of the waveguide is 
changed by the control of the voltage applied to 
the waveguide based on the detected information 
so that the diffraction light is always incident on a 
determined portion of the light detecting device. 
Here, the width of change in the Bragg wavelength 
of the diffraction grating is widened by utilizing the 
quantum well layer structure. As a result, the width 
of the wavelength tracking is enlarged, and a re- 
sponse characteristic at the time of the change in 
the Bragg wavelength is improved. 

According to a third aspect of the light detect- 
ing apparatus of the present invention, there are 
provided a semiconductor light waveguide on 
which light is incident, a diffraction grating formed 
in the light waveguide, an electrode for applying 
voltage to the waveguide, a light detecting device 
including a plurality of portions for detecting a 
diffraction light emitted outside of the waveguide 
and at least two quantum well layers and a barrier 
layer therebetween formed in a range within a 
distance of light wavelength from an area where 
the diffraction grating is formed. The barrier layer 
has such thickness and potential shape that can 
change a bonding state between the quantum well 
layers due to the change of the voltage applied to 
the waveguide. As a result, the width of change in 
wavelength is still enlarged. 

More concretely, the thickness of the quantum 
well layer is equal to or less than a de Broglie 
wavelength, the detecting device comprises an ar- 
ray of plural light detecting elements or 
photodetectors, the conduction type of the quan- 
tum well layer is set to one of p and n types and 
the barrier is formed with a high resistance ma- 
terial. The potential of the barrier layer is formed 
such that it inclines in a flat band state (i.e., non- 
voltage state), and the quantum well layer and the 
barrier layer are respectively formed with Al x Ga!. 
x As and AlyGa^As (0^x<y ^1) and the thickness of 
the barrier layer is no less than 3 nm and no 
greater than 15 nm. 

According to a fourth aspect of the light detect- 
ing apparatus of the present invention, there are 
provided a semiconductor light waveguide on 
which light is incident, a diffraction grating which is 
formed in the light waveguide for the incident light, 
an electrode for applying voltage to or injecting 
current into the waveguide and a plurality of 
photodetectors for receiving a diffraction light out- 
side of the waveguide. The photodetectors include 
a photodetector having a shorter light receiving 
surface in a direction of the waveguide extention 



and a photodetector having a longer light receiving 
surface in the same direction. Such a structure can 
detect an incident light having a wavelength which 
deviates considerably from the Bragg wavelength 

5 of the diffraction grating, and hence rapid 
wavelength tuning is possible. Further, such a 
structure is capable of simultaneously demultiplex- 
ing and detecting light signals of selected 
wavelengths of wavelength-multiplexed light sig- 

w nals. 

According to a fifth aspect of the light detecting 
apparatus of the present invention, there are pro- 
vided a semiconductor light waveguide on which 
light is incident, a diffraction grating which is 

15 formed in the light waveguide, an electrode for 
applying voltage to or injecting current into the 
waveguide, and a plurality of arrays of photodetec- 
tors for receiving a diffraction light emitted outside 
of the waveguide. The arrays of the photodetectors 

20 in a direction of the waveguide extension are ar- 
ranged such that light receiving surfaces of the 
photodetectors are continuously extended in the 
same direction as a whole. According to such a 
structure, the light detecting apparatus can be 

25 compact in size and a wavelength resolution of the 
light detecting apparatus can be improved by shor- 
tening the length of the light receiving surface in 
the waveguide extension direction. 

According to a sixth aspect of the light detect- 

30 ing apparatus of the present invention, there are 
provided a semiconductor light waveguide on 
which light is incident, a diffraction grating formed 
in the light waveguide, a plurality of photodetectors 
disposed for receiving a diffraction light emitted 

35 outside of the waveguide, a control device for 
changing the Bragg wavelength of the waveguide 
by the change in current injected into or voltage 
applied to the waveguide, and at least one optical 
amplifier portion in which an electrode for current 

40 injection is formed on the waveguide. An antireflec- 
tion coat is formed on the light incident surface 
when the optical amplifier portion is disposed at the 
light incident end, for increasing an amplification 
factor. In such a structure, though a signal light is 

45 amplified and at the same time spontaneous emis- 
sion light overlaps in the optical amplifier portion, 
the increase of noise is small and a minimum 
detection sensitivity can be greatly improved since 
the amount of spontaneous light for unit wavelength 

50 is small. 

According to an aspect of the light detecting 
apparatus for the laser device for monitoring the 
oscillation wavelength and/or output power of the 
laser device of the present invention, there are 

55 provided a semiconductor light waveguide provided 
on an optical axis of a semiconductor laser, a 
diffraction grating which is formed in the light 
waveguide, an electrode for applying voltage to or 
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injecting current into the waveguide, and a light 
detecting device having a plurality of portions for 
detecting a diffraction light emitted outside of the 
waveguide. In such a structure, the light detecting 
device detects the change in an emission angle of 
the diffraction light due to the wavelength fluc- 
tuation of the incident light on the waveguide in the 
monitoring portion and the like, and the detected 
information is fed back to the semiconductor laser 
to maintain the oscillation wavelength and/or output 
power of the semiconductor laser to a desired 
value. 

According to an aspect of the optical commu- 
nication network of the present invention, there are 
provided a transmitter end office for transmitting 
light signals having different wavelengths, a re- 
ceiver end office for receiving the light signals and 
a light transmission line for connecting these trans- 
mitter and receiver end offices. At least one of the 
receiver end offices is provided with the light de- 
tecting apparatus of the present invention. At least 
one of the transmitter end offices may be provided 
with the light detecting apparatus having the semi- 
conductor laser of the present invention. 

These advantages and others will be more 
readily understood in connection with the following 
detailed description, claims and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of a first embodi- 
ment of a light detecting apparatus of the 
present invention having a light waveguide with 
a diffraction grating and a light detecting device; 
Figure 2 is a block diagram of a structure for 
performing a wavelength tracking function of the 
first embodiment; 

Figure 3 is a perspective view of a second 
embodiment of a light detecting apparatus of the 
present invention having a light waveguide with 
a diffraction grating and a light detecting device; 
Figure 4 is a partial cross-sectional view show- 
ing a portion of a third embodiment of a light 
detecting apparatus of the present invention 
having a light waveguide with a diffraction grat- 
ing and a light detecting device; 
Figure 5 is a partial cross-sectional view show- 
ing a portion of a fourth embodiment of a light 
detecting apparatus of the present invention 
having a light waveguide with a diffraction grat- 
ing and a light detecting device; 
Figure 6 is a schematic view of an energy band 
structure of a waveguide showing a inclining 
barrier potential; 

Figure 7 is a schematic view of an energy band 
structure of a waveguide showing a stepwise 
inclining barrier potential; 

Figure 8 is a schematic view of an energy band 



structure of a waveguide in which a barrier layer 
comprises a superlattice structure having a short 
period; 

Figure 9 is a perspective view of a fifth embodi- 
5 ment of a light detecting apparatus of the 

present invention having a light waveguide with 
a diffraction grating and a light detecting device; 
Figure 10 is a view of a sixth embodiment of a 
light detecting apparatus of the present inven- 
10 tion in which two selected light signals having 
different wavelengths are simultaneously detect- 
ed from wavelength-multiplexed light signals; 
Figure 1 1 is a view of a seventh embodiment of 
a light detecting apparatus of the present inven- 
ts tion in which photodetectors are arranged in a 
zigzag or staggered manner; 
Figure 12 is a view of an eighth embodiment of 
a light detecting apparatus of the present inven- 
tion having an optical amplifier portion; 
20 Figure 13 is a view of a ninth embodiment of a 

light detecting apparatus of the present inven- 
tion having an optical amplifier portion; 
Figure 14 is a view of a tenth embodiment of the 
present invention in which a tunable semicon- 
25 ductor laser part and a waveguide portion of a 
monitoring part for monitoring oscillation 
wavelength and output power of the laser are 
monolithically formed; 

Figure 15 is a block diagram of a structure for 

30 controlling the tenth embodiment; 

Figure 16 is a view of an eleventh embodiment 
of the present invention in which a Fabry-Perot 
semiconductor laser and a waveguide portion of 
a monitoring part for monitoring oscillation 

35 wavelength and output power of the laser are 
monolithically formed; 

Figure 17 is a block diagram of a structure for 
. controlling the eleventh embodiment; and 
Figure 18 is a view of a twelfth embodiment of 
40 the present invention in which the light detecting 
, apparatus of the present invention is used in an 
optical communication system. 

DESCRIPTION OF THE PREFERRED EMBODI- 
45 MENT 

First embodiment 

The first embodiment of the present invention 
50 will be described by referring to Figures 1 and 2. In 
Figure 1 illustrating the entire structure of the first 
embodiment, there are formed, on an n-GaAs sub- 
strate 2, an n-Al x Gai. x As light confinement layer 3, 
an AiyGa^yAs light waveguide layer 4 (0^y<x<1), 
55 the energy gap of the light confinement layer 3 is 
larger than that of the light waveguide layer 4, and 
the refractive index of the layer 3 is smaller than 
that of the layer 4 to perform the light confinement 
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function, a p-A^Ga^As light confinement layer 6 
and a p-Al z Gai- z As contact layer 7 (0<z<1) in this 
order. A high-resistance Al x Ga t . x As burying layer 5 
is layered by a re-growth after both lateral sides 
are etched except for a stripe-shaped portion in 
order to achieve confinement with respect to a 
lateral direction. 

On the contact layer 7, there is formed an 
upper p-type electrode 8 in which a window 9 for 
emitting a diffraction light is formed, and on the 
bottom of the n-GaAs substrate 2, an n-type elec- 
trode 1 is formed. A diffraction grating (not shown) 
is formed in the Al y Gai. y As light waveguide layer 4 
or at a location within a light wavelength distance 
from the waveguide layer 4. Furthermore, an array 
11 of light detecting elements consisting of three 
elements PD1, 2 and 3 is disposed right above the 
window 9 for emitting diffraction light from the 
waveguide. 

In the above-discussed structure, diffraction 
light is emitted above the waveguide when the 
incident light is input into the waveguide since the 
diffraction grating is formed in the waveguide layer 
4 or in the vicinity of the waveguide including the 
waveguide layer 4. 

Here, an inclination or emission angle 6 of the 
diffraction light from a direction perpendicular to 
the waveguide has the following relation with a 
pitch A of the diffraction grating and the wavelength 
of the incident light: 

sin 6 = n ef - qX/ A (1) 

where q is an integer and n ef is an equivalent 
refractive index of the waveguide. 

Since the inclination angle 9 of a diffraction 
light approximately normal to the waveguide is 
substantially equal to zero { 0=sin e^.O), the pitch 
A of the diffraction grating is set to A = q \/n e( . 
The change 69 of the inclination angle 6 relative to 
the change dX of wavelength of the incident light is 
given by differentiating the equation (1): 

d0/dx = (dn e ,/dX - q/ A) (2) 

In this embodiment, the equivalent refractive index 
of the waveguide is in a range of 3.4-3.5, and 
therefore, the pitch of the diffraction grating is set 
to about 0.24 urn for the incident light in 0.8 urn 
band, where q = 1. In this case, the change of the 
inclination angle relative to the change in 
wavelength of the incident light is given by 

d0/dX=-O.3~-O.4 deg/nm. 

The far field pattern (FFP) of the diffraction 
light is very narrow in the direction of the 
waveguide extension and its span angle 6 P is about 
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0.2 degrees. The FFP is wide in a direction trans- 
verse to the waveguide extension and its span 
angle 6 { is about 15 degrees. Therefore, if the 
wavelength of the incident light varies about 0.5 

5 nm, the emission or inclination angle 6 is changed 
by about 0.2 degrees. Thus, the inclination angle 6 
is changed in the waveguide extension direction by 
about a beam diameter of the diffraction light. As a 
result, the wavelength change of about 0.5 nm can 

w be detected if the size of the light receiving surface 
of each element PD 1, 2 and 3 in the waveguide 
extension direction of the array 11 of the light 
detecting elements is set to about the beam diam- 
eter Q p of the diffraction light. 

15 The wavelength resolution is limited by the 

span angle 0 P in the waveguide extension direction 
of the diffraction light diffracted upward. Therefore, 
if the span angle d P is further narrowed, the 
wavelength resolution can be improved. This is 

20 achieved by reducing the coupling efficiency be- 
tween the light waveguide and the diffraction grat- 
ing of the waveguide and elongating the length of 
the waveguide. 

Figure 2 shows a block diagram of the light 

25 detecting apparatus of Figure 1 having a 
wavelength tracking function. In Figure 2, as an 
initial setting before starting the communication, the 
Bragg wavelength of the diffraction grating is 
changed by controlling the injection current into the 

30 light waveguide with an injection current control 
circuit 15 so that the strongest region of the inten- 
sity distribution of the diffraction light of the in- 
cident light on the light waveguide is incident on a 
central element PD 2 of the array 1 1 of the light 

35 detecting elements. At this time, incident light 
quantities on the other light detecting elements PD 
1 and PD 3 are set to be equal to each other or 
zero. In such a state, the communication will be 
started. 

40 If the wavelength of the incident light becomes 

longer while such light is being received, the light 
received by the detecting element PD 2 decreases 
and at the same time the light received by the 
detecting element PD 1 increases while that on the 

45 detecting element PD 3 decreases or remains un- 
changed at zero. Changes in amount and 
wavelength of the incident light can be known by 
calculating PD 1 (the amount of incident light on 
the detecting element PD 1) - PD 3 and PD 2 - PD 

50 1 (or PD 3) with a comparison circuit 16. The 
injection current control circuit 15 is then controlled 
by the comparison circuit 16 to decrease the injec- 
tion current into the light waveguide, so that the 
Bragg wavelength of the diffraction grating is shift- 

55 ed to a longer value. The strongest region of the 
diffraction light is caused to enter the central de- 
tecting element PD 2 by making the incident light 
on the detecting elements PD 1 and PD 3 equal or 
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zero. On the other hand, when the wavelength of 
the incident light becomes shorter and the incident 
light is changed reversely, the Bragg wavelength of * 
the diffraction grating is shifted to a shorter value 
by increasing the injection current into the light 
waveguide. Thus, the emission angle of the diffrac- 
tion light is similarly controlled. Accordingly even if 
the wavelength of the incident light is changed, the 
diffraction light from the light waveguide is caused 
to always be incident on the central detecting ele- 
ment PD 2 of the light detecting element array 11 
to perform the waveguide tracking of the incident 
light. Here, the relationship between the injection 
current and the Bragg wavelength of the diffraction 
grating has been measured beforehand and is 
stored in the injection current control circuit 15. 

Second embodiment 



Figure 3 shows the second embodiment. As 
explained above, the far field pattern (FFP) of the 
diffraction light emitted from the light waveguide is 
very narrow in the direction of the waveguide ex- 
tension and its span angle d p is about less than 0.2 
degrees. The FFP is wide in a direction transverse 
to the waveguide extension and its span angle 6 t is 
about 15 degrees. Thus, since the span angle in 
the direction transverse to the waveguide extention 
is large, the amount of the incident light on the 
array 11 of the light detecting elements becomes a 
few percent of a total amount of the emitted light. 

In the second embodiment, a cylindrical lens 
12 is disposed between the light waveguide and 
the light detecting element array 11 so that the 
diffraction light is condensed with respect to the 
direction transverse to the waveguide extension to 
increase the amount of the incident light on the 
array 11. As a result, the wavelength tracking can 
be effectively conducted even if the light incident 
on the light waveguide is weak in intensity. The 
other structure and the operation of the second 
embodiment are the same as those of the first 
embodiment. In Figure 3, the same reference nu- 
merals as those of Figure 1 designate the same 
portions and elements as those of Figure 1 . 

Third embodiment 



The third embodiment of the present invention 
will be described by referring to Figure 4. Figure 4 
shows a left half of the third embodiment of the 
light detecting apparatus as viewed from the light 
incident side. In Figure 4, there are formed, on an 
n-GaAs substrate 22, an n-AlxGa^As cladding lay- 
er 23, a superlattice waveguide layer 24 in which 
ten GaAs well layers 31 (thickness thereof is 10 
nm) and eleven AlyGa^yAs barrier layers 32 
(thickness thereof is 10 nm; 0^y<x<1) are alter- 



nately layered, a second order diffraction grating 
33 having a pitch of about 260 nm, a p-Al x Ga 10( As 
cladding layer 26 and a p-Al z Gai. 2 As contact layer 
27 in this order. A high-resistance Al x Gai. x As bury- 

5 ing layer 25 is re-grown after the etching of both 
sides except for a stripe-shaped portion in order to 
achieve confinement in a lateral direction. On the 
contact layer 27, there is formed an upper p-type 
electrode 28 in which a window 29 for emitting a 

w diffraction light is formed, and on the bottom of the 
n-GaAs substrate 22, an n-type electrode 21 is 
formed. 

In such a structure, the quantum well 31 is 
formed at a location within a light wavelength dis- 

75 tance from the diffraction grating 33 and its thick- 
ness is no greater than the de Broglie wavelength. 
Furthermore, the array 11 of light detecting ele- 
ments consisting of three elements. PD 1, 2 and 3 
is disposed right above the window 29 for emitting 

20 the diffraction light from the waveguide, similar to 
the first embodiment. 

In the above-discussed structure, the diffraction 
light is emitted above the waveguide when the 
incident light is input into the waveguide since the 

25 diffraction grating 33 is formed in the waveguide 
layer 24 or in the vicinity of the waveguide includ- 
ing the waveguide layer 24. At this time, the dif- 
fraction light is emitted in a direction perpendicular 
to the waveguide extension if the wavelength of the 

30 incident light is equal to the Bragg wavelength _of. 
the diffraction grating 33. Such a phenomenonis 
identical with that in the first embodiment. 

The third embodiment differs from the first 
embodiment in that no current is injected into the 

35 superlattice waveguide layer 24 but a reverse bias 
voltage is applied thereto. The Bragg wavelength of 
the diffraction grating 33 is 870 nm when no bias 
voltage is applied, and the absorption edge of the 
quantum well structure 31 and 32 is 850 nm. 

40 Therefore, loss of the light having the Bragg 
wavelength (this is the incident light) in the quan- 
tum well structure 31 and 32 is quite low. When the 
bias voltage of -5 V is applied through the elec- 
trode 28, the Bragg wavelength of the diffraction 

45 grating 33 is reduced by about 7 nm. This results 
from a large change in the refractive index due to 
the quantum confinement Stark effect (QCSE ef- 
fect) in the quantum well structure 31 and 32. 
Thus, the band range of the wavelength tracking of 

so the light detecting apparatus having the wavelength 
tracking function and comprising the light 
waveguide with the diffraction grating 33 and the 
light detecting elements PD 1 , 2 and 3 is expanded 
to a range of 863-870 nm, compared with the 

55 changeable width of the Bragg wavelength (about 
several nanometers) due to the plasma effect and 
the like caused by the current injection into the 
light waveguide. Furthermore, the response time at 

6 
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the time of changing the wavelength is greatly 
improved to about 500 psec, compared with the 
case where carriers are injected (in this case, the 
response time is slow, such as several nsec, since 
time is required for the carrier injection), because 
no time is needed for injecting carriers into the 
light waveguide. 

. The operation of the third embodiment is sub- 
stantially the same as that of the first embodiment. 

As an initial setting before starting communica- 
tion, the Bragg wavelength of the diffraction grating 
33 is changed by controlling the applied voltage to 
the light waveguide so that the strongest region of 
the intensity distribution of the diffraction light of 
the incident light on the light waveguide is incident 
on a central element PD 2 of the array 1 1 of the 
light detecting elements. At this time, incident light 
on the other detecting elements PD 1 and PD 3 is 
set equal or zero. In such a state, the communica- 
tion will be started. 

If the wavelength of the incident light increases 
while such light is being received, the amount of 
received light on the detecting element PD 2 is 
decreased and at the same time the amount of 
received light on the detecting element PD 1 in- 
creases while that on the detecting element PD 3 
decreases or remains unchanged at zero. Changes 
in amount and wavelength of the incident light can 
be known by calculating PD 1 (the amount of 
incident light on the detecting element PD 1) - PD 
3 and PD 2 - PD 1 (or PD 3) with a comparison 
means. Then, a voltage applying means is con- 
trolled by the comparison means to decrease the 
applied voltage to the light waveguide, so the 
Bragg wavelength of the diffraction grating is shift- 
ed to a longer value. The strongest region of the 
diffraction light is caused to enter the central de- 
tecting element PD 2 by making the incident light 
on the detecting elements PD 1 and PD 3 equal or 
zero. 

On the other hand, when the wavelength of the 
incident light decreases and the amount of the 
incident light is changed reversely, the Bragg 
wavelength of the diffraction grating is decreased 
by increasing the applied voltage to the light 
waveguide. Thus, the emission angle of the diffrac- 
tion light is similarly controlled. Accordingly, even it 
the wavelength of the incident light is changed, the 
diffraction light from the light waveguide is always 
incident on the central detecting element PD 2 of 
the light detecting element array 1 1 to perform the 
waveguide tracking of the incident light. Here, the 
relationship between the applied voltage and the 
Bragg wavelength of the diffraction grating has 
been measured prior to the communication and is 
stored in the voltage applying means. 

Fourth embodiment 



First, the operation principle of the fourth em- 
bodiment will be explained. In a superlattice struc- 
ture, when a barrier layer is thin and quantum wells 
are in a bonding state, the refractive index (m) of 
5 the superlattice structure is about equal to that (n A ) 
of a mixed crystal (mixed crystal that contains 
constituent components of the superlattice struc- 
ture at an equal ratio to that of the superlattice 
structure) of the barrier layer and the quantum well 
10 layers (i.e., ni n A ).However, when the barrier 
layer is relatively thick and the quantum well layers 
are not in the bonding state, the refractive index 
(n 2 ) of the superlattice structure is larger than that 
(n A ) of the mixed crystal by about 0.1 over a wide 
75 range of wavelength (i.e., n A + 0.1 ^ n2). The fact 
is described in Journal of Electronic Materials, vol. 
12, p. 397(1983)). 

Therefore, if an electric field is applied to the 
relatively thick barrier layer of the superlattice 
20 structure to change its potential distribution and 
hence effectively vary the height and the shape of 
the barrier's potential, the bonding state between 
quantum well layers will be changed. As a result, 
the refractive index of the superlattice structure will 
25 be greatly changed. That is, the refractive index is ., 
relatively small when the quantum well layers are 
in the bonding state, and is relatively large when 
they are not In the bonding state. 

In the fourth embodiment, the refractive index 
30 of the semiconductor light waveguide having the 
superlattice structure to which a voltage is applied, 
is greatly varied without any increase of the ab- 
sorption loss, based on the above-explained princi- 
ple. Thus, the Bragg wavelength of the diffraction 
35 grating is changed, and the diffraction light emitted 
outside always enters a determined portion of the 
light detecting device even if the wavelength of the 
incident light on the light waveguide fluctuates. 
Here, the change of the refractive index is con- 
ducted neither by the current injection into the light 
waveguide nor by the increase of the light absorp- 
tion near the quantum level energy due to the 
application of the electric field to the waveguide 
including the quantum well layer, but is conducted 
45 by the above-discussed principle utilizing the 
superlattice structure. Therefore, the changeable 
width of the Bragg wavelength of the diffraction 
grating is further improved to widen the width of 
the wavelength tracking, and the response char- 
so acteristic at the time of changing the wavelength is 
also enhanced. Moreover, there are no drawbacks 
such that the light absorption loss is increased and 
that the refractive index can be changed solely for 
wavelengths near the absorption edge to limit a 
55 usable light to such wavelengths. 

The fourth embodiment of the present inven- 
tion will be described by referring to Figure 5. 
Figure 5 shows a left half of the fourth embodiment 



7 



13 



EP 0 495 413 A1 



14 



of the light detecting apparatus as viewed from the 
light incident side. In Figure 5, there are formed, on 
an n-GaAs substrate 42, an n-AlxGat . x As cladding 
layer 43, a superlattice waveguide layer 44 in 
which ten n-GaAs well layers 51 (thickness thereof 
is 5 nm) and eleven high-resistance Al y Gai. y As 
layers 52 (thickness thereof is 6 nm; 0 ^y<x<1) are 
alternately layered), a diffraction grating 53 having 
a pitch of about 260 nm, a p-Al x Gai. x As cladding 
layer 46 and a p-A^Ga^As contact layer 47 
(0<z<1) in this order. A high-resistance Al x Ga l0 <As 
burying layer 45 is re-grown after the etching of 
both sides except for a stripe-shaped portion in 
order to achieve a confinement in a lateral direc- 
tion. On the contact layer 47, there is formed an 
upper p-type electrode 48 in which a window 49 for 
emitting a diffraction light is formed, and on the 
bottom of the n-GaAs substrate 42, an n-type elec- 
trode 41 is formed. 

In such a structure, the quantum well 51 is 
formed at a location within a light wavelength dis- 
tance from the diffraction grating 53 and its thick- 
ness is no greater than the de Broglie wavelength. 
Furthermore, the array 11 of light detecting ele- 
ments PD 1, 2 and 3 is disposed right above the 
window 49 for emitting the diffraction light from the 
waveguide, similar to the first embodiment- 

In the above-discussed structure, the diffraction 
light is emitted above the waveguide when the 
incident light is input into the waveguide since the 
diffraction grating 53 is formed in the waveguide 
layer 44 or in the vicinity of the waveguide includ- 
ing the waveguide layer 44. At this time, the dif- 
fraction light is emitted in a direction perpendicular 
to the waveguide extension if the wavelength of the 
incident light is equal to the Bragg wavelength of 
the diffraction grating 53. Such a phenomenon is 
identical with that of the first embodiment.. 

In the fourth embodiment, a reverse bias volt- 
— age is applied to the superlattice waveguide layer 
44, similar to the third embodiment. The Bragg 
wavelength of the diffraction grating 53 is 875 nm 
when no bias voltage is applied, and the absorption 
edge of the superlattice waveguide layer 44 is 820 
nm. When a negative bias voltage of -5 V is 
applied through the electrode 48, the Bragg 
wavelength of the diffraction grating 53 decreases 
by about 10 nm. When no bias voltage is applied, 
the inclination of a potential distribution of the bar- 
rier layer 52 is small and the degree of bonding 
between the quantum wells 51 is small because 
the electric field applied to the barrier layer 52 
consists only of a self-bias (that is due to the n- 
cladding layer 43 and p-cladding layer 46). There- 
fore, the refractive index of the superlattice 
waveguide is larger than that of the mixed crystal 
having the same Al mole fraction by about 0.1. On 
the other hand, when a negative bias voltage is 



applied, all the electric field is applied solely to the 
barrier layer 52 since the well layer 51 is n-type 
doped, and the inclination of the potential is made 
large. As a result, the height of the potential of the 

5 barrier layer 52 is effectively lowered, and the 
degree of bonding between the quantum well lay- 
ers 51 increases. Thus, the refractive index be- 
comes small, approaching a value of the mixed 
crystal of the same Al mole fraction. For all the 

io change of the refractive index at this time, the 
optical loss in the light waveguide remains un- 
changed since the light absorption therein would 
not be increased. 

Accordingly, the band range of the wavelength 

75 tracking of the light detecting apparatus having the 
wavelength tracking function and comprising the 
light waveguide with the diffraction grating 53 and 
the light detecting elements PD 1, 2 and 3 is 
expanded to 865-875 nm, compared with the 

20 changeable width of the Bragg wavelength (about 
several nanometers) caused by the plasma effect 
and the like resulting from by the current injection 
into the light waveguide. Furthermore, the response 
time at the time of changing the Bragg wavelength 

25 is highly improved to about 500 psec, compared 
with the case where carriers are injected (in this 
case, the response time is slow, such as several 
nsec, since time is required for the carrier injection) 
, because no time is needed for injecting carriers 

30_ into the light waveguide. 

Several configurations of the potential distribu- 
tion of the superlattice waveguide layers 51 and 52 
are illustrated in Figures 6, 7 and 8. In Figure 6, the 
superlattice waveguide layers 51-1 and 52-1 and 

35 the cladding layers 43 and 46 are formed such that 
the potential of the barrier layer 52-1 is inclined in 
a flat band state (non-bias voltage). In Figure 7, the 
superlattice waveguide layers 51-2 and 52-2 and so 
forth are formed such that the potential of the 

40 barrier layer 52-2 is stepwisely inclined in a flat 
band state (non-bias voltage). In Figure 8, the bar- 
rier layer 52-3 is comprised of a superlattice having 
a short pitch. In these examples, the bonding be- 
tween the quantum well layers 51-1, 51-2 and 51-3 

45 is easily generated when the bias voltage is ap- 
plied. 

The operation of the fourth embodiment is sub- 
stantially the same as that of the third embodiment. 
Detailed explanation will be made by referring to 

so Figures 1 and 5. As an initial setting before starting 
the communication, the Bragg wavelength of the 
diffraction grating 53 is changed by controlling the 
applied voltage to the light waveguide so that a 
strongest region of the intensity distribution of the 

55 diffraction light of the incident light on the light 
waveguide enters a central element PD 2 of the 
array 11 of the light detecting elements. At this 
time, the incident lights on the other detecting 
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elements PD 1 and PD 3 are set equal or to zero. 
In such a state, the communication will be started. 

If the wavelength of the incident light varies to 
a longer value while such light is being received, 
the amount of received light on the detecting ele- 
ment PD 2 is decreased and at the same time the 
amount of received light on the detecting element 
P9 1 increases while that on the detecting element 
PD 3 decreases or remains unchanged at zero. 
Changes in amount and wavelength direction of the 
incident light can be known by calculating PD 1 - 
PD 3 and PD 2 - PD 1 (or PD 3) with a comparison 
means. Then, a voltage applying means is con- 
trolled by the comparison means to change the 
applied voltage to the light waveguide, so the 
Bragg wavelength of the diffraction grating 53 is 
increased. The strongest region of the diffraction 
light enters at the central detecting element PD 2 
by making the incident lights on the detecting 
elements PD 1 and PD 3 equal to each other or 
equal to zero. On the other hand, when the 
wavelength of the incident light decreases and the 
amount of the incident light is changed reversely, 
the Bragg wavelength of the diffraction grating 53 
is shifted to a shorter value by reversely changing 
the applied voltage to the, light waveguide. Thus, 
the emission angle of the diffraction light is simi- 
larly controlled. Accordingly, even if the wavelength 
of the incident light changes, the diffraction light 
from the light waveguide is always incident on the 
central detecting element PD 2 of the light detect- 
ing element array 11 to perform the waveguide 
tracking of the incident light. Here, the relationship 
between the applied voltage and the Bragg 
wavelength of the diffraction grating has been mea- 
sured prior to the communication and is stored in 
the voltage applying means. 

Fifth embodiment 

In the above-discussed embodiments, the cur- 
rent injection into or voltage application to the light 
waveguide with the diffraction grating is performed 
in order to make the Bragg wavelength of the 
diffraction grating close to the wavelength of the 
incident light. In these embodiments, however, it 
takes some time to tune the Bragg wavelength to 
the wavelength of the incident light if the the former 
differs greatly from the latter when the light detect- 
ing apparatus operation is started. 

The fifth embodiment is constructed to resolve 
such problem. In this embodiment, a plurality of 
photodetectors for receiving the diffraction light 
emitted outside of the light waveguide include a 
photodetector having a light receiving surface 
whose length in the waveguide extension direction 
is short and a photodetector having a light receiv- 
ing surface whose length in the same direction is 



long. Therefore, the incident light having a 
wavelength considerably remote from the Bragg 
wavelength of the diffraction grating can be de- 
tected, and hence a speedy wavelength tuning can 

5 be performed. Such a structure is also capable of 
simultaneously demultiplexing and detecting plural 
light signals of given wavelengths selected from 
the wavelength-multiplexed light signals. 

The fifth embodiment of the present invention 

io will be described by referring to Figure 9. Figure 9 
shows an entire structure of the fifth embodiment. 
In Figure 9, there are formed, on an n-GaAs sub- 
strate 62, an n-Al x Gai . x As light confinement layer 
63, an Al y Ga,. y As waveguide layer 64 (0 £ y<x<1), 

75 a high-resistance Al x Gai. x As burying layer 65, a p- 
AUGa^As light confinement layer 66, and p- 
AUGa^As contact layer 67 (0<z<1) in this order. 

On the contact layer 67, there is formed an 
upper p-type electrode 68 having a window 69 for 

20 emitting a diffraction light, and on the bottom of the 
n-GaAs substrate 62, an n-type electrode 61 is 
formed. 

In such structure, the diffraction grating is 
formed in the Al y Gai. y As waveguide layer 64 or at 

25 a location within a light wavelength distance from 
the waveguide including the waveguide layer 64. 
Furthermore, an array of five photodetectors 71-75 
is disposed right above the window 69 for emitting 
the diffraction light from the waveguide, along the 

30 waveguide extension direction. 

When the incident light enters the waveguide, 
the diffraction light is emitted by the diffraction 
grating above the light waveguide. 

The far field pattern (FFP) of the diffraction 

35 light is, as explained above, very narrow in the 
direction of the waveguide extension and its span 
angle 6 P is about 0.2 degrees. In contrast, this 
pattern is wide in a direction transverse to the 
waveguide extension and its span angle 6 t is about 

40 15 degrees. The relation between the change AS of 
the inclination or emission angle 0 of the diffraction 
light from the perpendicular direction and the dif- 
ference AX between the wavelength of the incident 
light and the Bragg wavelength of the diffraction 

45 grating can approximately be represented by A0 / 
AX = - 0.3 - -0.4 deg/nm. Therefore, the length of 
the light receiving surface in the waveguide exten- 
sion direction should be about a beam diameter of 
the FFP in order to obtain the wavelength resolu- 

50 tion of about 0.5 nm. 

On the other hand, the emission angle be- 
comes about 3 degrees when the wavelength of 
the incident light is away from the Bragg 
wavelength of the diffraction grating by 10 nm 

55 because the AX dependency of the emission angle 
d of the diffraction light remains almost unchanged 
in this region of the incident light wavelength. For 
example, where the distance between the 
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photodetector array 71-75 and the waveguide is 10 
mm, the length of the light receiving surface of the 
centrally disposed photodetectors 72, 73 and 74 in 
the waveguide extension direction need be less 
than 30 urn in order to obtain the wavelength 
resolution of about 0.5 nm. Further, the length of 
the light receiving surface of the photodetectors 71 
and 75 disposed at ends of the array need be 
about 0.5 mm in order to also detect lights whose 
wavelengths are 10 nm away from the Bragg 
wavelength. 

The change of the Bragg wavelength is per- 
formed by the current injection into or voltage 
application to the waveguide with the diffraction 
grating for increasing the effective refractive index. 
Therefore, the wavelength of the incident light 
should be set to a value shorter than the Bragg 
wavelength when there is no current injection or 
voltage application. The Bragg wavelength, how- 
ever, can be increased if a Peltier element is 
added for controlling temperature, because the 
Bragg wavelength shifts to a longer value with the 
temperature dependency of about 0.07 nm/deg if 
the temperature of the light waveguide with the 
diffraction grating is raised. 

Since the fifth embodiment has such structure, 
the difference of the wavelength between the in- 
cident light and the Bragg wavelength can be de- 
tected by the photodetectors 71 and 75 disposed 
at the ends even if the former is considerably 
distant from" the latter. Thus, the wavelength track- 
ing can be effectively achieved over a wider range. 
The operation is substantially the same as that of 
the first embodiment. 

Sixth embodiment 

Figure 10 shows a structure of an array of 
photodetectors for demultiplexing and detecting 
light signals of two given wavelengths selected out 
of wavelength-multiplexed incident lights. The re- 
maining structure thereof is identical with the fifth 
embodiment. The array of photodetectors com- 
prises a first photodetector 81 having a light receiv- 
ing surface whose length in the waveguide exten- 
sion direction is relatively large and second 
photodetectors including a plurality of light detect- 
ing elements 82, 83 and 84 each having a light 
receiving surface whose length in the waveguide 
extension direction is relatively short. The second 
photodetectors 82-84 are disposed separately a 
little distant from the first photodetector 81. Here, 
the incident lights involve a plurality of signals of 
wavelengths Xi and x 2 » (i = 1 ,2, n), and the signal 
of wavelength Xi is a control signal for the 
wavelength division multiplexing communication 
and hence should be always received at the re- 
ceiver side. The band width of the control signal of 



wavelength \i is wide, so the wavelength tracking 
is not needed for this signal. The wavelengths X 2 , 
are sufficiently distant from the wavelength Xt and 
their band widths are narrow to increase the 
5 wavelength multiplicity. Therefore, the wavelength 
tracking is needed for the signals of wavelengths 
X 2i . 

When the above-mentioned light signals enter 
the waveguide with the diffraction grating, the light 

10 signal of wavelength Xi is always received by the 
first photodetector 81. On the other hand, the 
Bragg wavelength of the diffraction grating is regu- 
lated by the injection of current or application of 
voltage so that a determined signal of wavelength 

75 X 2k out of the light signals of wavelengths X z , can 
be received by the second photodetectors 82-84. 
The wavelength tracking is performed by the sec- 
ond photodetectors 82-84 to continue the signal 
receiving. Such an operation is the same as that of 

20 the first embodiment. 

The length and location of the light receiving 
surfaces of the photodetectors or light detecting 
elements are greatly dependent on characteristics 
of the diffraction grating, the distance between the 

25 waveguide and the photodetector array and the 
wavelengths of the input lights. Where the char- 
acteristics of the diffraction grating are substantially 
the same as those of the fifth embodiment, the 
difference between center wavelengths of \^ and 

30 X 2j is _about 20 nm, the wavelength fluctuation of Xt 
is within a range of ± 1 nm, the center wavelengths 
of X 2i are respectively 0.5 nm away from one 
another, the wavelength multiplicity is four and the 
distance between the waveguide and the 

35 photodetector array is 10 mm, the emission angle 
0i of the diffraction light of Xt differs from that 02 
of X 2i by about 6 degrees and the first photodetec- 
tor 81 need detect the wavelength band width of-XT 
± 2 nm, i.e., (the wavelength fluctuation width) plus 

40 (the changeable width of the Bragg wavelength), in 
order to always receive the control signal of Xi . 
The first photodetector 81 thus need detect light 
within a range of the emission angle from 5.4' to 
6.6* measured from that of the lights of 

45 wavelengths X 2i . Therefore, the first photodetector 
81 needs to be disposed 1 mm distant from the 
second photodetectors 82-84 in the wavelength 
extension direction and the light receiving length of 
the first photodetector 81 needs to be no less than 

50 0.2 mm in the same direction. On the other hand, 
the length of each light detecting element 82-84 
need be about 10 urn since such detecting ele- 
ment should separately detect plural signals whose 
wavelengths are 0.5 nm distant from one another. 

55 In this structure, the emission angle of the control 
signal of wavelength Xi varies little when the 
wavelength tracking of the light signals of X 2 i is 
conducted, but this variance of the emission angle 
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of the control signal is no problem because the 
photodetector 81 has a sufficiently long light re- 
ceiving surface in the waveguide extension direc- 
tion. 

S eventh embodiment 

, In the above-discussed embodiments, a plural- 
ity of photodetectors or light detecting elements 
are arranged in an array. In a case where the 
photodetectors are arranged in an array, however, 
light receiving surfaces thereof can not be continu- 
ously disposed since they are inevitably separated 
from one another by their surface electrodes and 
gaps therebetween. Therefore, there are limits to 
making the entire light detecting apparatus com- 
pact in size by decreasing the distance between 
the photodetector and the light waveguide and im- 
proving the wavelength resolution by reducing the 
length of the photodetector in the waveguide exten- 
sion direction. In the seventh embodiment, a 
photodetectors are arranged in plural arrays and in 
such a manner that their light receiving surfaces 
are continuously disposed as a whole in the 
waveguide extension direction. As a result, the light 
detecting apparatus can be made compact in size 
and the wavelength resolution of the light detecting 
apparatus can be improved by decreasing the 
length of the light receiving surface in the 
waveguide extension direction. 

Figure 11 illustrates a schematic view of the 
seventh embodiment. A plurality of photodetectors 
are arranged in two arrays in the waveguide exten- 
sion direction, and the two detector arrays are 
disposed in a staggered or zigzag manner to make 
the light receiving surfaces thereof continuous in 
the waveguide extension direction. 

. Light receiving surfaces 91, 92, 93; 101, 
102,103 of the photodetectors are respectively sur- 
rounded by portions ( not shown) which do not 
detect light because the photodetectors and sur- 
face electrodes thereof must be electrically sepa- 
rated from each other. Therefore, the two arrays of 
the light receiving surfaces are arranged so as to 
compensate for those non-detecting portions. 

The far field pattern (FFP) of the diffraction 
light emitted from the waveguide with the diffrac- 
tion grating is, as explained above, very narrow in 
the direction of the waveguide extension and its 
span angle B p is approximately less than 0.2 de- 
grees. In contrast, this pattern is wide in a direction 
transverse to the waveguide extension and its span 
angle e, is about 15 degrees. Therefore, an irradia- 
tion area (indicated by the hatching) of the diffrac- 
tion light at the position of the photodetectors is 
short in the waveguide extension direction while 
long in the direction transverse thereto. Thus, the 
non-detecting portions in one array can be com- 



pensated for by the light receiving surfaces in the 
other array by arranging the two arrays of the 
photodetectors in the above-discussed manner. 
On the other hand, the waveguide resolution of 
5 the detected light is determined by the span angle 
6 P of the diffraction light in the waveguide exten- 
sion direction, the relation between the change A0 
of the inclination or emission angle e of the diffrac- 
tion light from the perpendicular direction and the 
10 difference AX between the wavelength of the in- 
cident light and the Bragg wavelength of the dif- 
fraction grating represented by A9/ AX ^ -0.3 - - 
0.4 deg/nm and the length of the light receiving 
surface of the photodetector in the waveguide ex- 
75 tension direction. 

As explained above, when the length of the 
light receiving surface in the waveguide extension 
direction is, for example, about a beam diameter of 
the diffraction light, a wavelength resolution of 
20 about 0.5 nm can be obtained. In this case, if the 
distance between the waveguide and the 
photodetectors is 10 mm, the length of an effective 
light receiving surface becomes about 30 urn. 
Here, if a dead space exists between the light . 
25 receiving surfaces, the wavelength resolution is 
lowered by that much. Since the ratio of the dead . 
space becomes large as the length of the effective 
light receiving surface shortened, the seventh em- 
bodiment for compensating for the dead space is 
30 still effective as such ratio becomes large. Further- 
more, if the length of the light receiving surface is 
reduced to about a third, the resolution can be 
improved two to three times since the beam inten- 
sity distribution of the diffraction light can be de- 
35 tected. Alternatively, the entire apparatus can be 
made compact in size by shortening the distance 
between the waveguide and the photodetectors if 
the resolution need not be further improved. 

The span angle e p of the FFP of the diffraction 
40 light in the waveguide extension direction is about 
0.2 degrees presently, but this angle can be made 
no greater than 0.1 degrees by optimizing the 
shape of the diffraction grating, optical loss and 
length of the light waveguide and so forth. There- 
45 fore, in the seventh embodiment, the resolution can 
be improved to less than 0.1 nm. 

In the seventh embodiment, the change of 
wavelength of the incident light and its direction 
can be obtained by, for example, detecting the 
so amount of the received light on each photodetector. 
Based on the detected result, the wavelength track- 
ing can be performed by appropriately shifting the 
Bragg wavelength of the diffraction grating. In other 
respects the seventh embodiment is the same as 
55 the above-discussed embodiments. 

Eighth embodiment 
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In the light detecting apparatus having the 
wavelength tracking function of the first embodi- 
ment, etc., there are provided the semiconductor 
tight waveguide having the diffraction grating, the 
electrode for the current injection or voltage ap- 
plication, a plurality of photodetectors disposed for 
receiving the diffraction light emitted outside of the 
waveguide, and the control device for changing the 
Bragg wavelength of the waveguide by injected 
current or applied voltage so that the diffraction 
light is always incident on a determined 
photodetector, based on the information of the 
change in the emission angle of the diffraction light 
due to the wavelength fluctuation of the incident 
light on the waveguide which is detected by the 
plural photodetectors. 

In those embodiments, however, the detection 
sensitivity will be reduced because the intensity of 
the diffraction light becomes small, if the intensity 
of the incident light is small. Therefore, the detec- 
tion sensitivity of the apparatus is greatly improved 
by adding an optical amplification function to the 
light waveguide of the eighth embodiment. 

The eighth embodiment of the present inven- 
tion will be described by referring to Figure 12 
which is a partly broken perspective view. In Figure 
12, there are provided a light waveguide part 123 
with a diffraction grating, an optical amplifier part 
122 and an array 121 of light detecting elements. 
In the light waveguide part 123 with the diffraction 
grating and the optical amplifier part 122, there are 
formed, on an n-GaAs substrate 112, an n- 
Al x Gai. x As light confinement layer 113, an 
Al y Gai.yAs light waveguide layer 114 (0Sy<x<1) a 
high-resistance Al x Ga 10 <As burying layer 115, a p- 
Al x Gai. x As light confinement layer 116, and a p- 
A^Ga^As contact layer 117 (0<z<1). On the bot- 
tom of the n-type. substrate 112, there is formed an 
n-type electrode 111. Furthermore, on the light 
waveguide part 123, an upper p-type electrode 119 
having a window 120 for emitting a diffraction light 
is formed, and on the optical amplifier part 122, an 
upper p-type electrode 118 is formed. 

In such a structure, a diffraction grating 124 is 
formed in the AlyGa^As light waveguide layer 114 
or at a location within a light wavelength distance 
from the light waveguide including the waveguide 
layer 114. Furthermore, an array of three light 
detecting elements 121 is disposed right above the 
window 120 for emitting diffraction light from the 
waveguide, and anti-reflection coatings 125 are de- 
posited on both opposite end surfaces of the 
waveguide. 

Next, a operation of the eighth embodiment will 
be explained. In the state in which a current below 
an oscillation threshold is injected through the elec- 
trode 118, the incident light through the anti-reflec- 
tion coating 125 is amplified by the optical am- 



plifier part 122, and the diffraction light is emitted 
above the waveguide by the diffraction grating 124. 
At this time, the intensity of the emitted diffraction 
light can be made stronger than that in the above- 

5 discussed embodiments by the optical amplifier 
part 122. Although a spontaneous emission light is 
added while the signal light is amplified, only a 
component of the overlapped spontaneous emis- 
sion light having the same wavelength as that of 

10 the signal light becomes a noize since each light 
detecting element detects the signal light demul- 
tiplexed to respective wavelength components by 
the diffraction grating Therefore, the S/N ratio can 
be greatly improved irrespective of the overlap of 

75 the spontaneous emission light. 

The structure of the waveguide in the optical 
amplifier part 122 is identical with that in the light 
waveguide part 123, so the fabrication is easily 
performed. There is no need to align the optical 

20 axes between the amplifier part 122 and the 
waveguide part 123, so the coupling loss need not 
be considered. As regards the way how to perform 
the wavelength tracking and so forth, they are the 
same as those of the first embodiment. 

25 

Ninth embodiment 

Figure 13 shows the structure of the ninth 
embodiment of the present invention. Figure 13 is 

3 9 a partly broken perspective view. In. Figure. 13, 
there are provided a light waveguide part 143 with 
a diffraction grating, a first optical amplifier part 
142, a second optical amplifier part 146 and an 
array 141 of light detecting elements. In the light 

35 waveguide part 143 with the diffraction grating and 
the first and second optical amplifier parts 142 and 
146, there are formed, on an n-GaAs substrate 132, 
an n-AI x Ga r . x As light confinement layer 133, an 
AlyGa^yAs light waveguide layer 134 (0^y<x<1) a 

40 high-resistance Al x Gai. x As burying layer 135, a p- 
Al x Gai. x As light confinement layer 136 and a p- 
AlzGa^As contact layer 137 (0<z<1). The exten- 
sion direction of the waveguide is set to form a 
non-zero predetermined angle relative to a nomal 

45 to the end surface of the substrate 132. On the 
bottom of the n-type substrate 132, there is formed 
an n-type electrode 131. Further, on the light 
waveguide part 143, an upper p-type electrode 139 
having a window 1 40 for emitting a diffraction light 

so is formed, and on the first and second optical 
amplifier parts 142 and 146, upper p-type elec- 
trodes 133 and 147 are respectively formed. 

In such a structure, a diffraction grating 144 is 
formed in the AlyGa^yAs light waveguide layer 134 

55 or at a location within a light wavelength distance 
from the light waveguide including the waveguide 
layer 134. Furthermore, an array 141 of three light 
detecting elements is disposed above the window 
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140 for emitting the diffraction light from the 
waveguide. 

Next, the operation of the ninth embodiment 
will be explained. Since the waveguide extension 
direction is set to form a non-perpendicular pre- 
determined angle relative to the end surface of the 
waveguide, the reflection at the end surface is s 
pressed and hence the oscillation threshold current 
in the optical amplifier part 142 can be made large. 
In the state in which a current below the oscillation 
threshold is injected through the electrode 138, the 
incident light through the end surface is amplified 
by the optical amplifier part 142, and the diffraction 
light is emitted above the waveguide by the diffrac- 
tion grating 144. At this time, the intensity of the 
emitted diffraction light can be made stronger than 
that of the first embodiment and so forth by the 
first optical amplifier part 142. Although a sponta- 
neous emission light is added while the signal light 
is amplified, the S/'N ratio can be greatly improved 
since the light detection is performed after a signal 
light is demultiplexed to respective wavelength 
components. 

Furthermore, the loss of the transmitted light 
created by the grating 144 can be compensated for 
by the second optical amplifier part 146 and trans- 
mitted light having the same intensity as the in- 
cident light can be obtained. The structures of the 
waveguides in the optical amplifier parts 142 and 
146 are identical with those in the light waveguide 
part 143, similar to the eighth embodiment, so the 
fabrication is easily effected. There is also no need 
to align the optical axes between the amplifier parts 
142 and 146 and the waveguide part 143, so the 
coupling loss need not be considered. With regard 
to performing the wavelength tracking and so forth, 
they are the same as those of the first embodi- 
ment. 

Tenth embodiment 

Figure 14 shows the structure of the tenth 
embodiment of the present invention in which a 
three-electrode distributed Bragg reflection (DBR) 
type tunable semiconductor laser part and a 
waveguide portion of a monitoring part for detect- 
ing wavelength and output power are monolithically 
formed. In Figure 14 showing a left half structure of 
the tenth embodiment, there are formed on an n- 
GaAs substrate 152, an n-AlxGa^As light confine- 
ment layer 153, an Al y Gai. y As light waveguide layer 
154 (0^y<x<1; the energy gap of the light confine- 
ment layer 153 is larger than that of the light 
waveguide layer 154, and the refractive index of 
the layer 153 is smaller than that of the layer 154 
to perform the light confinement function), a p- 
AlxGa^xAS light confinement layer 155 and a p- 
Ai 2 Ga 1 . z As contact layer 157 (0<z<1) in that order. 



The mole fraction z of Al of the contact layer 1 57 is 
selected so that the light absorption is small for the 
oscillation wavelength. A high-resistance 
AlxGa^xAS burying layer 156 is re-grown after 
s etching both sides except for a stripe-shaped por- 
tion in order to achieve confinement in a lateral 
direction. 

On the contact layer 157, there are formed 
upper p-type electrodes 158, 171, 172 and 173. 
io The electrode 158 in the monitoring part has a 
window 159 for emitting diffraction light. On the 
bottom of the n-GaAs substrate 152, an n-type 
electrode 151 is formed. In the Al y Gai. y As light 
waveguide layer 154, there are formed, at a loca- 
75 tion within a light wavelength distance from the 
waveguide including the waveguide layer 154, an 
active layer 161 in the active area of the laser part, 
a diffraction grating 162 for a distributed reflection 
mirror in the DBR area and a diffraction grating 
20 163. The phase regulating area is formed between 
the active area and the DBR area. Furthermore, an 
array 160 of three light detecting elements PD 1, 2 
and 3 is disposed above the window 1 59 for emit- 
ting the diffraction light from the waveguide. 
25 In the above-discussed structure, when the tun- 

able semiconductor laser oscillates, the laser light 
enters the waveguide in the monitoring prat. Dif- 
fraction light is emitted above the waveguide when 
. the light is input into the waveguide since the 
30 diffraction grating 163 is formed in the monitoring 
part for the incident light. At this time, the diffrac- 
tion light is emitted in a direction perpendicular to 
the waveguide if the wavelength of the incident 
light is equal to the Bragg wavelength of the dif- 
35 fraction grating 163. The situation is the same as 
that of the first embodiment. 

Figure 15 shows a block diagram of the light 
detecting apparatus for the semiconductor laser 
apparatus of Figure 14 having a wavelength and 
40 output power monitoring function. The structure in 
Figure 15 is basically the same as that in Figure 2. 
In the Figure 15, as an initial setting before the 
start of communication, the tunable laser oscillates 
and the Bragg wavelength of the diffraction grating 
45 163 is changed by controlling the injection current 
into the light waveguide by an injection current 
control circuit 181 for the monitoring part so that 
the strongest region of the intensity distribution of 
the diffraction light of the incident light on the 
so ' monitoring part is incident on a central element PD 
2 of the array 160 of the light detecting elements. 
At this time, incident lights on the other detecting 
elements PD 1 and PD 3 are set equal or to zero. 
Unless the oscillation wavelength and the out- 
55 put power (a signal of the PD 2 or an entire signal 
of the PD 1, 2 and 3) respectively reach desired 
values, the above operation is repeated until the 
desired values are obtained. In such a state, the 
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communication will be started. 

If the wavelength of the incident light increases 
while such light is being transmitted, the received 
light on the detecting element PD 2 is decreased 
and at the same time the received light on the 
detecting element PD 1 increases while that on the 
detecting element PD 3 decreases or remains un- 
changed at zero. Changes in the amount and the 
wavelength of the incident light can be known by 
calculating PD 1 - PD 3 and PD 2 - PD 1 (or PD 3) 
by a comparison circuit 182 An injection current 
control circuit 183 is then controlled by the com- 
parison circuit 182 to vary the injection currents 
into the light waveguide through the electrodes 
171, 172 and 173 (especially, the electrode 173), 
so the oscillation wavelength of the semiconductor 
laser is decreased. The strongest region of the 
diffraction light is thus caused to enter the central 
detecting element PD 2 again. The output power is 
maintained constant by controlling the injection cur- 
rents through the electrodes 171, 172 and 173 
(especially, the electrode 171) of the semiconduc- 
tor laser so that the sum of outputs of the elements 
PD 1 , 2 and 3 remains unchanged. As a result, the 
oscillation wavelength and the output power can 
always be maintained at the desired values. Thus, 
an increase of wavelength multiplicity in the 
wavelength division multiplexing communication 
becomes possible. In this embodiment, when the 
diffraction grating 162 used in the DBR area of the 
laser part has "a se~cond orde'r, the pitch of the 
grating 162 is equal to that of the diffraction grating 
163 of the monitoring part and hence the fabrica- 
tion of the apparatus becomes easier. 

If the wavelength of the incident light from the 
tunable LD part decreases, the control is con- 
ducted in a reverse manner. 

Eleventh embodiment 

Figure 16 shows a structure of the eleventh 
embodiment of the present invention in which a 
Fabry-Perot type semiconductor laser (FP-LD) part 
and a waveguide portion of a monitoring part for 
detecting wavelength and output power are mon- 
olithically formed. Portions having the same func- 
tions as those in Figure 14 are designated by the 
same reference numerals. The resonator of the FP- 
LD part is formed by a cleaved surface at the light 
output side and a mirror surface produced by etch- 
ing at the monitoring part side. Part of the transmit- 
ted light through the mirror surface formed by the 
etching enters the waveguide in the monitoring 
part. 

Figure 17 shows a block diagram of the light 
detecting apparatus for the semiconductor laser 
apparatus of Figure 16 having wavelength and out- 
put power monitoring functions. Portions having the 



same functions as those in Figure 15 are des- 
ignated by the same reference numerals. The con- 
trol of the output power from the FP-LD part is 
effected through the control of the injection current 

5 through the electrode 171 by a injection current 
control circuit 188 for the laser part, and the control 
of the oscillation wavelength is performed by the 
control of a temperature of the FP-LD part through 
a Peltier device 190 caused by a Peltier control 

70 circuit 189. The temperature dependency of the 
oscillation wavelength from the FP-LD part is rela- 
tively large, such as 0.3 nm/deg, so this apparatus 
can be used for a wide range of the oscillation 
wavelength. The Peltier device 190 includes two 

15 portions which respective function for the monitor- 
ing part and the FP-LD part. 

While the semiconductor laser part and the 
waveguide in the monitoring part are monolithically 
formed in the tenth and eleventh embodiments, it is 

20 possible to form these parts separately and couple 
the waveguides thereof by a lens, a fiber or the 
like. Furthermore, as a semiconductor laser unit, 
non-tunable distributed feedback type and distrib- 
uted Bragg reflection type lasers can be also used. 

25 

Twelfth embodiment 

Figure 18 shows the twelfth embodiment of the 
present invention of an optical communication sys- 

30 tern including the light detecting_ apparatus_of the^ 
present invention. In Figure 18, reference numerals 
200 designate transmitter end office terminals, ref- 
erence numerals 250 and 300 designate branching- 
combining devices, reference numerals 400 des- 

35 ignate receiver end offices or terminals and refer- 
ence numeral 500 designates a light transmission 
line such as an optical fiber and the like. The 
transmitter end offices 200 respectively comprise a 
signal processing part , and a light transmitter part 

40 including an electro-optical conversion portion 
which is a light detecting apparatus provided with a 
semiconductor laser of, for example, the tenth em- 
bodiment and so forth. The receiver end offices are 
respectively composed of a light detecting appara- 

45 tus 410 such as that of the first embodiment, a 
signal processing part or processor 420 and so 
forth. 

In the optical communication system of Figure 
18, the N number of the transmitter end offices 206 

so respectively transmit light signals of different 
wavelengths Xi , X Nl and these signals are 
wavelength-multiplexed at the branching-combining 
device 250 to be transmitted to the transmission 
line 500. The light signals transmitted through the 

55 transmission line 500 are branched into the M 
number of lights by the branching-combining de- 
vice 300, and they are input into the M number of 
the receiver end offices 400. In the receiver end 
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office 400, the light detecting apparatus 410 is 
controlled to select the signal of a desired 
wavelength from the multiplexed light signals of the 
N number of wavelengths, and the selected signal 
is. converted into an electric signal. This electric 
signal is further processed in the signal processing 
part 420, and the communication from the transmit- 
ter end office 200 to the receiver end office 400 is 
completed. 

In the twelfth embodiment, signals are trans- 
acted from plural transmitter end offices to plural 
receiver end offices in a uni-directional manner, but 
the following constructions are also possible: (T) 
The branching-combining device 300 may be omit- 
ted and only one receiver end office may be dis- 
posed. © Plural transmitter end offices and at 
least one receiver end office may be respectively 
connected to the branching-combining devices 250 
and 300 to conduct a bi-directional communication. 
© Transmitter and receiver end offices may be 
connected to the optical transmission line through 
the branching-combining devices and the like in a 
bus type or in a loop type, or through a star type 
coupler and the like. 

In these constructions, communication similar 
to one noted above is possible only if the plural 
transmitter end offices (or transmitter parts) for 
transmitting light signals of different wavelengths 
and at least one receiver end offices (or receiver 
parts) containing the light detecting apparatus of 
the above-discussed embodiment are connected in 
a network fashion. 

As explained in the foregoing, in the structure 
of the first aspect of the present invention, the light 
detecting device is located at a position capable of 
receiving the diffraction light emitted outside of the 
waveguide with the diffraction grating, and when, 
for example, the Bragg wavelength of the 
waveguide is changed based on the detected in- 
formation by the control of the current injected into 
or the voltage applied to the waveguide so that the 
diffraction light is always incident on a determined 
portion of the light detecting device, wavelength 
tracking of the incident light is achieved. 

In the structure of the second aspect of the 
present invention, the light detecting device is lo- 
cated at a position capable of receiving the diffrac- 
tion light emitted outside of the semiconductor 
waveguide with the diffraction grating using the 
quantum well structure containing at least one well 
layer. When, for example, the Bragg wavelength of 
the waveguide is changed based on the detected 
information by the control of the voltage applied to 
the waveguide so that the diffraction light is always 
incident on a determined portion of the light detect- 
ing device, the wavelength tracking of the incident 
light can be achieved over a wide wavelength band 
width. As a result, a response characteristic at the 



time of the wavelength change is improved. 

In the structure of the third aspect of the 
present invention, the light detecting device is lo- 
cated at a position capable of receiving the diffrac- 

5 tion light emitted outside of the semiconductor 
waveguide with the diffraction grating using the 
superlattice structure containing at least two well 
layers and the barrier layer therebetween. When, 
for example, the bonding state between the well 

10 layers is changed by the control of the voltage 
applied to the barrier layer in the waveguide to 
vary the refractive index and the Bragg wavelength 
of the waveguide is changed over an expanded 
range so that the diffraction light is always incident 

75 on a determined portion of the light detecting de- 
vice, the wavelength tracking of the incident light 
can be achieved over a wide wavelength tracking 
width. Here, the optical loss in the light waveguide 
is not increased and the response characteristic at 

20 the time of wavelength change is improved. 

In the structure of the fourth aspect of the 
present invention, the array of photodetectors in- 
cludes a photodetector having a longer light receiv- 
ing surface in the direction of the waveguide exten- 

25 sion disposed at the ends of the array continuously 
or separately. Such a structure can perform a rapid 
wavelength tuning and simultaneous demultiplexing 
and detection of plural light signals of selected 
wavelengths out of wavelength-multiplexed signal 

30 lights. 

In the structure of the fifth aspect of the 
present invention, a plurality of arrays of 
photodetectors in the direction of the waveguide 
extension are arranged such that light receiving 

35 surfaces of the photodetectors are continuously 
extended in the same direction as a whole, so that 
wavelength resolution of the light detecting appara- 
tus can be improved and rpore accyrate 
wavelength tracking becomes possible. 

40 In the structure of the sixth aspect of the 

present invention, part of the light waveguide with 
the diffraction grating is constructed as an optical 
amplifier part, so that the intensity of the diffraction 
light is strengthened and a transmitted light is not 

45 attenuated greatly. Further, compared to a case 
where separate devices having the same functions 
are combined, the fabrication step can be facili- 
tated and the light loss can be suppressed. 

In the structure of the seventh aspect of the 

50 present invention, the light detecting device is lo- 
cated at a position capable of receiving the diffrac- 
tion light emitted outside of the semiconductor 
waveguide with the diffraction grating and the 
wavelength and/or output power of a semiconduc- 

55 tor laser is monitored, so that the wavelength 
and/or output power can be always maintained 
constant by feeding back the detected signal to the 
semiconductor laser. 

15 
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In the structure of an optical communication 
network the present invention, the light detecting 
apparatus for the semiconductor laser is contained 
in a transmitter end office or terminal or the light 
detecting apparatus is contained in a receiver end 
office or terminal, so that the wavelength multiplic- 
ity of the wavelength division multiplexing commu- 
nication can be increased since wavelengths of 
respective signals may be closer to one another. 

While the present invention has been de- 
scribed with respect to what is presently consid- 
ered to be preferred embodiments, it is understood 
that the invention is not limited to the disclosed 
embodiments. The present invention is intended to 
cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the 
appended claims. 

A light detector provides wavelength tracking, 
monitoring or similar function by forming a diffrac- 
tion grating in a light waveguide. Diffracted light 
from the waveguide is received by a light detecting 
device having multiple detecting portions. Changes 
in the emission angle of the diffracted light caused 
by the wavelength or other fluctuation of the in- 
cident light are detected. The detected information 
can be used for wavelength tracking by injecting 
current into or applying a voltage to the waveguide 
to regulate the Bragg wavelength of the light 
waveguide, for monitoring and/or controlling the 
oscillation wavelength of a semiconductor jaser or 
for other purposes. 

Claims 

1. A light detecting apparatus comprsing: 

a semiconductor light waveguide on which 
light is incident ; 

a diffraction grating formed in said light 
waveguide; 

an electrode for applying a signal to said 
light waveguide; and 

a light detecting means including a plural- 
ity of detecting portions for detecting a diffrac- 
tion light diffracted to outside of said light 
waveguide. 

2. A light detecting apparatus according to claim 
1, wherein said light detecting means com- 
prises an array of light detecting elements. 

3. A light detecting apparatus according to claim 
1 , further comprising a condensing means £or 
condensing the diffraction light diffracted out- 
side with respect to a direction transverse to 
an extension direction of said light waveguide, 
said condensing means being disposed be- 
tween said light waveguide and said light de- 
tecting means. 



4. A light detecting apparatus according to claim 
3, wherein said condensing means comprises 
a cylindrical lens. 

5 5. A light detecting apparatus according to claim 
1, wherein said light waveguide comprises at 
least a quantum well layer formed within a light 
wavelength distance from said diffraction grat- 
ing. 

10 

6. A light detecting apparatus according to claim 

6, wherein the thickness of said quantum well 
layer is no greater than a de Broglie 
wavelength. 

75 

7. A light detecting apparatus according to claim 
1, wherein said light waveguide comprises at 
least two quantum well layers and a barrier 
layer therebetween formed within a light 

20 wavelength distance of said diffraction grating 

and a thickness and a potential shape of said 
barrier layer are set so that said barrier layer 
can vary a bonding state between said quan- 
tum well layers by changing a voltage applied 

25 to said light waveguide. 

8. A light detecting apparatus according to claim 

7, wherein the thickness of said quantum well 
layer is no greater than a de Broglie 

30 wavelength. 

9. A light detecting apparatus according to claim 
7, wherein a conduction type of said quantum 
well layer is one of p and n types and said 

35 barrier layer comprises a high-resistance layer. 

10. A light detecting apparatus according to claim 
7, wherein said barrier . layer comprises -a 
superlattice structure having a short period. 

40 

11. A light detecting apparatus according to claim 
7, wherein the potential shape of said barrier 
layer is inclined in a flat band state. 

45 12. A light detecting apparatus according to claim 
7, wherein said quantum well layer comprises 
an Al x Gai. x As layer, said barrier layer com- 
prised an Al y Gai. y As layer (0£x<y ^1) and the 
thickness of said barrier layer is no less than 3 

so ' nm and no greater than 15 nm. 

13. A light detecting apparatus according to claim 
1, wherein said light detecting means com- 
prises a photodetector having a relatively short 
55 light receiving surface in an extension direction 

of said light waveguide and a photodetector 
having a relatively long light receiving surface 
in the extension direction of said light 
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waveguide. 

14. A light detecting apparatus according to claim 
13, wherein said photodetector having the rela- 
tively short light receiving surface and said 
photodetector having the relatively long light 
receiving surface are arranged in a substan- 
tially continuous manner along the extension 
direction of said light wavelength. 

15. A light detecting apparatus according to claim 
13, wherein said photodetector having the rela- 
tively short light receiving surface and said 
photodetector having the relatively long light 
receiving surface are arranged in a discrete 
manner along the extension direction of said 
light wavelength. 

16. A light detecting apparatus according to claim 
1, wherein said detecting portions of said light 
detecting means are arranged in a plurality of 
rows extending along an extension direction of 
said light waveguide and light receiving sur- 
faces of said detecting portions in the rows are 
continuous in the extension direction of said 
light waveguide. 

17. A light detecting apparatus according to claim 
16, wherein said detecting portions of said light 
detecting means are staggered in the exten- 
sion direction of said light waveguide. 

18. A light detecting apparatus according to claim 
1, further comprising at least an optical am- 
plifier part formed along a part of said light 
waveguide, said optical amplifier part amplifies 
the incident light by injecting current thereinto. 

19. A light detecting apparatus according to claim 
— 18, wherein said optical amplifier part is dis- 
posed at a light incident side of a part of said 
light waveguide in which said diffraction grating 
is formed. 

20. A light detecting apparatus according to claim 
18, wherein said optical amplifier parts are 
disposed at both light incident and light emit- 
ting sides of a part of said light waveguide in 
which said diffraction grating is formed. 

21. A light detecting apparatus according to claim 
1, further comprising a semiconductor laser 
and wherein said light waveguide in which said 
diffraction grating is formed is disposed on an 
optical axis of said semiconductor laser and a 
signal detected by said light detecting means 
controls at least one of an oscillation 
wavelength and an output power of said semi- 



conductor laser. 

22. A light detecting apparatus according to claim 
21, further comprising a common substrate 
5 and wherein said semiconductor laser and said 

light waveguide in which said diffraction grating 
is formed are monolithically formed on said 
common substrate. 

10 23. A light detecting apparatus according to claim 
21 , wherein said semiconductor laser com- 
prises a tunable semiconductor laser. 

24. A light detecting apparatus according to claim 
75 21 , wherein said semiconductor laser com- 
prises a distributed Bragg reflection type laser. 

25. A light detecting apparatus according to claim 
21, wherein said semiconductor laser com- 

20 prises a Fabry-Perot type laser. 

26. A light detecting apparatus according to claim 
25. further comprising a Peltier device and 
wherein the output power of said semiconduc- 

25 tor laser is controlled by changing current in- 

jected into said semiconductor laser and the 
oscillation wavelength of said semiconductor 
laser is controlled by controlling a temperature 
of said semiconductor laser by said Peltier 

30 . device. 

27. A light detecting apparatus according to claim 
1, wherein a signal detected by said light de- 
tecting means is used for controlling the signal 

35 applied through said electrode for a 

wavelength tracking of the incident light. 

28. A light detecting apparatus according to claim 
1, wherein said signal comprises a current 

40 injecting into said light waveguide. 

29. A light detecting apparatus according to claim 
1, wherein said signal comprises a voltage 
applied to said said light waveguide. 

45 

30. An optical communication network comprising: 

at least a transmitter end office for trans- 
mitting light signals of different wavelengths; 

a receiver end office for receiving the light 
so signals of different wavelengths; said receiver 

end office containing a light detecting appara- 
tus; and 

an optical transmission line for connecting 
said transmitter end office and said receiver 
55 end office to each other, 

wherein said light detecting apparatus 
comprises: 

a semiconductor light waveguide on which 

17 
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light is incident; 

a diffraction grating formed in said light 
waveguide; 

an electrode for applying a signal to said 
light waveguide; and 5 

light detecting means including a plurality 
of detecting portions for detecting diffraction 
light diffracted outside of said light waveguide, 
a signal detected by said light detecting 
means being used for controlling the signal 10 
applied through said electrode for a 
wavelength tracking of the incident light. 

31. An optical communication network comprising: 

at least a transmitter end office for trans- 75 
mitting light signals of different wavelengths, 
said transmitter end office containing a light 
detecting apparatus; 

a receiver end office for receiving the light 
signals of different wavelengths; and 20 

an optical transmission line for connecting 
said transmitter end office and said receiver 
end office to each other, 

wherein said light detecting apparatus 
comprises: 25 

a semiconductor light waveguide on which 
light is incident; 

a diffraction grating formed in said light 
waveguide; 

an electrode for applying a signal to said 30 
"light waveguide; 

light detecting means including a plurality 
of detecting portions for detecting diffraction 
light diffracted outside of said light waveguide; 
and 35 

a semiconductor laser, said light 
waveguide in which said diffraction grating is 
formed being disposed on an optical axis of 
said semiconductor laser and a signal detected 
by said light detecting means being used to 40 
control at least one of an oscillation wavelength 
and a power output of said semiconductor la- 
ser. 
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